Selection of plants with traits that are beneficial for cultivation and consumption has been a common practice for thousands of years; however, combination of these traits can be detrimental too, for instance by leading to undesirable branching and yield loss in tomato. The findings from Soyk et al. in this issue of Cell help understand how to bypass such negative effects and improve crop productivity.
Selection for inflorescence architecture (three-dimensional flower arrangement) has been widely exploited to increase yield in many domesticated crops, particularly cereals (Doebley et al., 1997) . However, this selection has not been widely exploited in fruit-bearing species. For example, despite thousands of years of human domestication, tomato inflorescences are remarkably similar to their wild ancestors. This lack of exploitation is curious, considering the intensive level of breeding associated with the most economically important fruit crop worldwide. In part, this failure to exploit inflorescence architecture is due to physiological limitations; the tomato is source limited, meaning that fruit yield is restricted by the photosynthetic capacity of the plant (Stephenson, 1981) . But this lack of exploitation is also the consequence of a lack of understanding of the complex genetic network that controls floral meristem activity. A deeper knowledge of the genetic control of inflorescence development has great potential to empower breeders with new molecular tools that could significantly improve crop productivity. In this issue of Cell, Soyk et al. (2017) provide precisely that insight.
In tomato (Solanum lycopersicum), a new inflorescence meristem emerges at the flank of each previous meristem, giving rise to inflorescences with multiple flowers arranged in a zigzag (sympodial) pattern on a single branch. Branching of the inflorescence leads to more flowers, but not necessarily to more fruit, since many of the additional flowers spontaneously abort. However, there are variants that exhibit inflorescence branching. Soyk et al. (2017) searched a large collection of wild and domesticated accessions to identify variants exhibiting inflorescence branching not caused by mutations in the previously characterized compound inflorescence (s) gene (Lippman et al., 2008) . They initially classified these accessions as s2 (compound inflorescence 2). Higher order s/s2 mutants showed additivity in inflorescence branching phenotype. However, despite the detrimental effects of inflorescence branching on crop yield, s/s2 mutants are highly prevalent in the tomato plant population. Curiously, the designated reference s2 accession is allelic to the previously described j2 (jointless) mutant (Figure 1 ). Homozygous j2 plants do not contain a pedicel abscission zone, a specialized tissue that develops between the organ and the main body of the plant-a trait that is very important for plant breeding. Since the portion of stem distal to the abscission zone can damage harvested fruits, all machine-harvested tomatoes must be j2/j2. The jointless phenotype also has great potential for application to hand-harvested fresh tomatoes, since pickers must remove the attached pedicel from every fruit. Two j2 alleles have been previously described: one is derived from a natural accession of S. cheesmaniae, a wild tomato species that is endemic to the Galapagos, and has an unbranched inflorescence (Rick and Butler, 1956) ; the other is a spontaneous mutation in a commercial field and has a branched inflorescence (Reynard, 1961) . All of the s2 plants lack the pedicel abscission zone, suggesting that the S. cheesmaniae accession also contains a suppressor of inflorescence branching. Breeders have deployed the S. cheesmaniae allele into commercial germplasm to suppress inflorescence branching, potentially capping further yield increases linked to improved inflorescence architecture. Soyk et al. (2017) define that putative branching suppressor locus as enhancer-of-jointless2 (ej2). Its identification, in turn, opens up the possibility of producing more flowers on each inflorescence.
Using segregating F2 populations, the authors mapped both j2 and ej2. They identified J2 as a homolog of the Arabidopsis floral organ identity MADS-box gene SEPALLATA4 (SEP4) (Ditta et al., 2004) and EJ2 as another SEP4 homolog. The MADS-box gene family is an important group of transcription factors that guide the differentiation of stem cells in the meristem into flower buds. Interestingly, the ej2 mutant contains an insertion in an intron that causes missplicing in only one-third of the transcripts. Thus, it is only a partial loss-of-function mutant. A CRISPR/Cas9 complete loss-of-function allele resulted in unbranched inflorescences. The identification of two SEP4 homologs with a role in inflorescence architecture led in turn to examination of the other two SEP4 homologs in the tomato genome. One, RIN, was previously identified as essential for the onset of fruit ripening, and loss-of-function does not alter inflorescence architecture (Vrebalov et al., 2002) . However, the fourth SEP4 gene, lin, is expressed in floral meristems and, when mutated, led to exceptionally long inflorescences (Soyk et al., 2017) .
The authors then examined whether gene dosage of the set of SEP4 homologs could modulate the degree of inflorescence branching and influence overall fruit yield. They chose a combination of j2, ej2, and s alleles that moderately increased inflorescence branching compared to existing commercial germplasm and found that this allele combination resulted in significant increases in fruit number and total yield. This yield increase was the consequence of more fruit per plant, with no reduction in average fruit weight.
Without intimate knowledge of the genetic network controlling inflorescence meristem maturation, it would have been nearly impossible to manipulate plant growth in a way that translated into improved agricultural performance. In their paper, Soyk et al. (2017) offer an interesting glimpse into how breeders, in selecting for one positive agronomic trait, inadvertently selected for second-site mutations that compensated for the negative effects of that locus. The work is a model for defining and ultimately neutralizing negative epistatic relationships affecting crop performance.
In sum, this study focused on defining the genetic control of inflorescence architecture in tomato and led to the identification of a network of SEP4-related MADS-box genes with critical overlapping roles in modulating meristem maturation and inflorescence architecture. Exploiting combinations of natural and genome-edited alleles to achieve the right balance of expression has the potential to make important contributions to agriculture in the immediate future. The wild-type jointed (J2, left) and mutant (j2, right) pedicel phenotype. The joint is indicated by a red arrow in the left panel. When wild-type fruits are harvested, the distal portion of the pedicel remains attached to the fruit and must be manually removed at harvest to prevent fruit damage.
